Near infrared slitless spectroscopy with the Wide Field Camera 3, onboard the Hubble Space Telescope, offers a unique opportunity to study low-mass galaxy populations at high-redshift (z ∼ 1-2). While most high−z surveys are biased towards massive galaxies, we are able to select sources via their emission lines that have very-faint continua. We investigate the star formation rate (SFR)-stellar mass (M ⋆ ) relation for about 1000 emission-line galaxies identified over a wide redshift range of 0.3 z 2.3. We use the Hα emission as an accurate SFR indicator and correct the broadband photometry for the strong nebular contribution to derive accurate stellar masses down to M ⋆ ∼ 10 7 M ⊙ . We focus here on a subsample of galaxies that show extremely strong emission lines (EELGs) with rest-frame equivalent widths ranging from 200 to 1500Å. This population consists of outliers to the normal SFR-M ⋆ sequence with much higher specific SFRs (> 10 Gyr −1 ). While on-sequence galaxies follow continuous star formation processes, EELGs are thought to be caught during an extreme burst of star formation that can double their stellar mass in a period of less than 100 Myr. The contribution of the starburst population to the total star formation density appears to be larger than what has been reported for more massive galaxies in previous studies. In the complete mass range 8.2 < log(M ⋆ /M ⊙ ) < 10 and a SFR lower completeness limit of about 2 M ⊙ yr −1 (10 M ⊙ yr −1 ) at z ∼ 1 (z ∼ 2), we find that starbursts having EW rest (Hα) > 300, 200, and 100Å contribute up to ∼ 13, 18, and 34%, respectively, to the total SFR of emission-line selected sample at z ∼ 1 − 2. The comparison with samples of massive galaxies shows an increase in the contribution of starbursts towards lower masses.
The formation and evolution of galaxies is governed by the complex interplay of key processes that include galaxy mergers, cold gas accretion feeding star formation, and the metal-enriched gas outflows driven by supernovae and supermassive black holes (Dekel et al. 2009; Bouché et al. 2010; Silk 2013) . It is now well established that the star formation history of the Universe reached its peak around z ∼ 2 and formed most of its stellar mass by z ∼ 1 (Madau et al. 1996; Hopkins 2004) . During the last decade, a correlation between the star formation rate (SFR) and the stellar mass (M ⋆ ) has been explored up to those redshifts (Brinchmann et al. 2004; Peng et al. 2010; Karim et al. 2011; Hathi et al. 2013) . Normal star-forming galaxies, lying on the so-called SFR main sequence, may be a natural consequence of smooth gas accretion, while outliers above this sequence undergo starburst episodes, which are likely driven by galaxy interactions. However, the slope and the dispersion of the SFR-M ⋆ relation are hardly consistent from one study to another (Daddi et al. 2007; Wuyts et al. 2011; Whitaker et al. 2012) .
Most of the uncertainties may reside in the selection techniques, the difficulty to obtain a well calibrated SFR indicator at high redshift, and the use of different indicators at different redshifts.
First, while local studies use the Hα emission line as an accurate measurement of the current SFR, high-redshift studies (at z > 0.5) must rely on continuum-based cal-ibrations, such as spectral energy distribution (SED) models or ultraviolet (UV) + far infrared (FIR), since Hα shifts to NIR wavelengths.
Secondly, most of the samples assembled at high redshift are biased towards bright, hence massive, galaxies of log(M ⋆ /M ⊙ ) 10 (e.g., Bauer et al. 2011; Whitaker et al. 2012) and will likely miss the star formation occurring in faint-continuum systems (Alavi et al. 2013) . Therefore, to obtain a comprehensive picture of galaxy formation and evolution, one needs to account for the low-mass galaxies, which might experience a different mode of star-formation compared to the massive galaxies of the main sequence. The differences in the two populations that might influence their star formation histories (SFH) include the dynamical time scale, the feedback efficiency, and the morphology, which appears to regulate star formation more efficiently in massive galaxies (e.g., Lee et al. 2007) .
In this context, Wide Field Camera 3 (WFC3) NIR grisms onboard HST offer a unique opportunity to select faint galaxies by their emission lines over a wide redshift range 0.3 z 2.3. In Atek et al. (2011) , we unveiled a population of extremely strong emission-line galaxies with equivalent widths up to 1000Å and stellar masses as low as M ⋆ ∼ 10 7 M ⊙ . While extremely high EW galaxies are relatively rare in the local universe (Cardamone et al. 2009; Amorín et al. 2010) , their number density increases by an order of magnitude or more at z ∼ 2 − 4 (Kakazu et al. 2007; Atek et al. 2011; Shim et al. 2011 ). Low-mass starburst galaxies offer a complementary approach to the study of the star formation history of the Universe by exploring a different mode of mass assembly over different time scales compared to their massive counterparts.
We present here a large sample of galaxies selected from HST grism spectroscopic surveys to shed new light on the SFR-M ⋆ relation and the contribution of high-z dwarf galaxies to the total star formation density. The paper is structured as follows. In Section 2 we describe the observations, data reduction, and emission line measurements. The sample selection is presented in Section 3. In Section 4 we present the stellar population modeling. We estimate the AGN contribution to our sample in Section 5. In Section 6 we present the results of the SFR-M ⋆ relation, while Section 7 is devoted to the particular case of extreme emission line galaxies. We finally summarize our results in Section 8. Throughout the paper, we use a standard ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7, and Ω m = 0.3.
OBSERVATIONS AND DATA REDUCTION
2.1. The WISP Survey The WISP (WFC3 Infrared Spectroscopic Parallel) survey (PI=Malkan; Atek et al. 2010 ) is a large pure parallel program using the near-IR (NIR) grism capabilities of the Wide Field Camera 3 (WFC3) onboard HST to observe a large number of uncorrelated fields over five HST cycles (GO-11696, GO-12283, GO-12568, GO-12902 & GO-13352) . Typically, data consist of slitless spectroscopy in both NIR grisms G102 (0.8−1.2 µm, R∼ 210) and G141 (1.2 − 1.7 µm, R∼ 130), whereas in the case of short visits only G141 is used. This is complemented by NIR imaging in F110W and F160W, and UVIS imaging in F475X and F600LP provides IRAC 3.6µm imaging for a subset of the observed fields in WISP that have both G102 and G141 data.
The reduction of NIR data is performed using the WISP pipeline described in Atek et al. (2010) . For the emission line extraction we first used an automated procedure to identify the emission lines and assign redshifts. The algorithm is described in detail in Colbert et al. (2013) . Briefly, the program fits a cubic spline to the continuum and subtracts it from the spectrum. By dividing this spectrum by the error spectrum we obtain a signal-to-noise spectrum. Then, an emission line needs to satisfy a signal to noise ratio higher than √ 3 in at least three contiguous pixels. Every emission-line candidate is then independently examined in the 1D spectrum and the 2D dispersed image by two team members and automatically fitted upon confirmation. In the present study, we used the same emission line catalog presented in Colbert et al. (2013) consisting of 29 WISP fields which are covered by both G102 and G141 grism observations.
The 3DHST Survey
The second part of our sample is based on data from the 3DHST program (GO 12177 & 12328 Brammer et al. 2012) . The survey targets four well-studied fields, following up the imaging campaign of the Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey (CAN-DELS, Grogin et al. 2011; Koekemoer et al. 2011) . Observations consist of 248 HST orbits distributed between G141 grism and F140W imaging over Cycle 18 and 19 in the EGS/AEGIS, COSMOS, GOODS-South and UKIDSS/UDS fields.
The WISP survey is executed in pure parallel mode, which constrain the observations at a fixed orientation and position. The 3DHST survey is a primary program with the observations taken at a fixed orientation but with a dithering pattern to mitigate the detector artifacts, which was not possible with parallel observations. Another important difference is the use of only on grism (G141) instead of both in WISP (G102 and G141). The direct implication is a smaller redshift coverage for 3DHST starting at z ∼ 0.8 compared to WISP which starts at z ∼ 0.35. The larger spectral coverage of WISP allows us to detect multiple emission linesmostly Hα and [Oiii] pairs, which provides more secure redshifts. The availability of multiple lines also makes possible the study of galaxy physical properties such as the dust extinction (Domínguez et al. 2013) or metallicity Henry et al. (2013) . The exposure time is split between the two IR grisms for WISP, while the total exposure time is devoted to the G141 grism in 3DHST data. The mean exposure time in the WISP survey is ∼ 2,000 s in G141 and ∼ 5,000 s in G102, with few deeper fields observed for up to 28,000 s.
The reduction of 3DHST data is performed with a modified version of the WISP pipeline, independently of Brammer et al. (2012) . Because of the large variations in the IR sky background, we have produced a master background image for each of the four main fields using all the G141 pointings in that field. We followed the same procedure as for WISP where we masked the spectral traces in all the frames before median combining them. The median image was then cleaned by interpolation using a bad pixel mask. Finally, the master sky template is scaled to each individual grism frame during the reduction process. This new version of the pipeline also deals with dithered frames to correct for bad pixels and cosmic rays, making the cleaning procedure more efficient. Detailed description of the reduction and spectral extraction pipeline can be found in Atek et al. (2010) . Dedicated and interactive software is developed for line emission detection and flux measurements. The routine displays the 1D and 2D spectra where the user has the ability to identify one or multiple emission lines. Based on this redshift information, the program fits the continuum with a polynomial and all the emission lines within the wavelength coverage of the spectrum using one or multiple gaussians in the case of the [Oiii] doublet for instance. The central wavelength of the line is allowed to vary according to the redshift uncertainty (see Colbert et al. 2013 ) and the ratio [Oiii]λ5007/[Oiii]λ4959 is fixed to 3.2 (Osterbrock 1989) . The user then has the possibility to confirm each line, store the line measurements after inspecting the 1D and 2D spectra, the contamination and the significance of the line, and also assign a quality flag. Four values are possible: 1) very good (multiple emission line of high significance), 2: good (multiple lines with less significance), 3: uncertain (single line), 4: strong contamination from nearby objects. The errors on the emission line parameters are estimated using Monte Carlo simulations. We create 100 spectra by randomly adding noise within the uncertainty range of the flux density and apply the same automatic fitting procedure. The program stores the 1-σ uncertainties derived from the probability distribution for all the parameters. In addition to the signal-to-noise ratio, the uncertainties on the line flux depend on the equivalent width because the line detection will be more difficult in the case of a bright continuum For both survey datasets, the equivalent width completeness limit is about 30Å (cf. Colbert et al. 2013 ). The average exposure time of the 3DHST is about 4500 s in the G141 grism, compared to the WISP data that use both G102 and G141 grisms with typical exposure times of 6000 s and 2000 s, respectively.
[Nii] contamination
The spectral resolution of the IR grism is too low to separate the [Nii]λ6548+6583Å lines from Hα, which may increase the observed Hα flux. Moreover, the [Nii] contamination appears to be increasing with stellar mass and with redshift (Erb et al. 2006; Sobral et al. 2012; Masters et al. 2014) . Following Domínguez et al. (2013) , we estimate the [Nii] correction relative to Hα in bins of stellar mass by taking the average value of two approaches: (i) Erb et al. (2006) give an estimate of the [Nii] contribution at z ∼ 2 in bins of stellar mass; (ii) Sobral et al. (2012) derive an empirical relation between EW rest ([Nii]+Hα) and [Nii]/Hα ratio using a large sample of SDSS galaxies. We divided our sample in three mass bins of log(M ⋆ /M ⊙ ) = 8, 9, and 10, for which the first method gives an [Nii] fraction of 0, 5, and 10%. The second method yields a median [Nii] fraction of 12, 15, 23%, respectively. Therefore, we adopted an [Nii] correction of 6, 10, and 16% to correct our Hα fluxes in the three respective stellar mass bins. In Section 5 we will see that in the determination of the AGN contribution the uncertainties from the [Nii] contamination are still smaller than those of the [Sii] or Hβ line flux measurements.
SAMPLE SELECTION
The galaxy sample resulting from the emission line selection in the two surveys described above contains 2457 galaxies. We select only galaxies with secure redshifts (quality flag Q1 and Q2) and free from contamination. Then we cross-match our redshift measurement with photometric and spectroscopic redshift information available from public catalogs. We used the NMBS v5.1 photometric catalog (Whitaker et al. 2011 ) and the DEEP2 DR4 spectroscopic redshift catalog (Newman et al. 2012) for the AEGIS field; the NMBS v5.1 for COSMOS; the FIREWORKS catalog (Wuyts et al. 2008) , the CDFS photometric and spectro-z compilation of N. Hathi (private communication) for GOODS-S; the photometric catalog of Williams et al. (2011) , spectro-z and photo-z catalogs of UKIDSS (Lawrence et al. 2007 ) and CANDELS (Galametz et al. 2013 ) for the UDS. All the galaxies that have Q1 flags in both catalogs are in good agreement. Galaxies with Q2 in our grism catalog are kept only if they are confirmed by spectro-or photo-z information from other catalogs. After this quality selection, our final sample consists of 1034 galaxies. Table 1 summarizes the sample size in each field before and after our selection procedure.
STELLAR POPULATION PROPERTIES
We used the catalogs described above for the SED fitting of the 3DHST galaxies. The WISP photometry consists of two IR bands (F110W, F160W), two UVIS bands (F475X, F600LP) and IRAC 3.6µm band. The construction of the photometric catalog used here is described in Bedregal et al. (2013) and Colbert et al. (2013) . Before we proceed to the SED fitting, we need to account for the contribution of nebular emission lines to the broadband fluxes. Several studies modeled or accounted for the emission line contribution, which can significantly change the stellar population properties inferred from population synthesis modeling (e.g. Schaerer & de Barros 2009; Schaerer et al. 2011; Ono et al. 2010; Watson et al. 2010; Taniguchi et al. 2010; McLure et al. 2011; Inoue 2011; Finkelstein et al. 2011; Pacifici et al. 2012 ). In Atek et al. (2011), we empirically demonstrated that the nebular contribution of galaxies having EW rest > 200Å can lead to a brightening of 0.3 mag on average and up to 1 mag of their broadband flux. This can alter the estimate of stellar mass and age of galaxies by a factor of 2 on average and up to a factor of 10 (see also Schenker et al. 2013) .
Following the same procedure presented in Atek et al. (2011) , we performed synthetic photometry with and without emission lines to estimate the nebular contribution in each galaxy spectrum. For the emission lines outside the spectral coverage of the grism, we used the typical emission line ratios observed in our data to infer the flux of those lines. We used a flux ratio of Hα/[OIII]λ5007=0.9 and [OIII]λ5007/[OII]λ3727=2.4. Then their contribution to the broadband flux density is estimated following the equations of Guaita et al. (2010) and Finkelstein et al. (2011) :
where R T is the filter transmission at the emission line wavelength normalized by the maximum transmission of the filter, f em is the line flux inferred from the line ratio, and T λ is transmission curve of the filter. Finally, all the magnitudes in the corresponding filters are corrected in the different photometric catalogs.
The SED fitting procedure is performed using the FAST code (Kriek et al. 2009 ) with Bruzual & Charlot (2003) stellar population models. We used a Chabrier (2003) initial mass function (IMF), a metallicity of Z = 0.004, a stellar attenuation in the range A V =0-3 in steps of 0.1, and log(age/yr)= 7 -10 in log steps of 0.1. An exponentially declining star formation model of the form exp(−t/τ ) is assumed with log(τ /yr)=7-10 in steps of 0.2. The confidence levels of the resulting stellar properties are estimated by running a thousand Monte Carlo simulations.
AGN CONTRIBUTION
The wavelength range covered by the WFC3 grisms is wide enough to simultaneously cover and resolve the optical lines used in the BPT diagnostic (Baldwin et al. 1981) of AGN/SF separation only over a restricted redshift range, 0.8 z 1.4 for WISP and around z ∼ 1.4 (∆z ∼ 0.1) for 3DHST.
The left panel of Fig. 1 Kewley et al. (2001) . The red dashed line shows the 0.1 dex model uncertainties. We identify about 14% of galaxies that appear to host an AGN. However, the AGN contamination is likely lower in our sample because of the redshift and mass dependance of the classification line. Kewley et al. (2013) proposed a revised version of the diagnostic line ratios that takes into account the redshift-evolution of the ISM conditions and ionizing radiation field up to z ∼ 2.5. This is particularly relevant for our starburst sample were the extreme star formation may be seen as AGN activity according to the local calibration of the optical line ratios diagnostic. The correction shifts the classification line towards higher line ratios, hence decreasing the AGN fraction in our high-redshift sample. However, the update was for the [Nii]/Hα version of the classification, which cannot be quantified here.
The spectral resolution of the grisms is too low to resolve [Nii] and Hα, hence we use the Mass Excitation diagram presented in Juneau et al. (2011) , which uses the stellar mass as a proxy for the [Nii]/Hα ratio. This is mainly justified by the fact that [Nii]/Hα traces the gas phase metallicity and the strong correlation between the stellar mass and metallicity observed in star-forming galaxies (e.g. Tremonti et al. 2004; Savaglio et al. 2005; Erb et al. 2006 ). Here we use the revised version of the MEx diagnostic (Juneau et al. 2013, private communication) . To account for the fact that the MEx relation has been calibrated using local galaxies and for the redshift evolution of the mass-metallicity relation, Juneau et al. (2013) We find that about 10% of galaxies present ionizing characteristics of AGN. This fraction is comparable to the value derived from the BPT diagram. However, as illustrated by the green/magenta circles on the same figure, objects identified as AGN/SF in the BPT diagram can scatter to both sides of the AGN/SF demarcation line in the MEx diagram, which might be partially due to the large uncertainties in the [Oiii]λ5007/Hβ and [Sii]λ6717+λ6732/Hα ratios observed in both figures, but also in the extrapolation of the MEx line from local galaxies to high-redshift. As stressed earlier, the AGN fraction derived from the BPT diagram should be considered as an upper limit, since we don not account for the redshift-evolution of the demarcation of Kewley et al. (2013) .
Using high resolution spectra of 22 star-forming galaxies at z ∼ 1.5-2, Masters et al. (2014) find no significant AGN activity based on BPT diagrams, although their galaxies have similar physical properties (SFR, stellar masses, etc) to our sample. While they observe an offset towards higher [Oiii]/Hβ at a given [Nii]/Hα compared to local galaxies, it does not appear in the [Oiii]/Hβ versus [Sii]/Hα diagram. They conclude that a high nitrogen abundance in high-redshift galaxies may explain such offset in the [Oiii]/Hβ. The spectroscopic observations used in Masters et al. (2014) are certainly more reliable for AGN identification than our data, supporting the idea that our AGN fraction derived from the BPT diagram could be overestimated.
Additionally, we match the 3DHST fields with available X-ray source catalogs of the Chandra COSMOS survey (Elvis et al. 2009 ) for COSMOS; AEGIS-X survey Laird et al. (2009) for AEGIS; the Chandra Deep Field South (CDFS) survey (Xue et al. 2011 ) for GOODS-S; and SUBARU/XMM-NEWTON Deep Survey (SXDS Ueda et al. 2008) for UDS. We find that less than 1% of galaxies show X-ray counterparts, with no source in common with the MEx or BPT diagnostics. X-ray observations are in general less sensitive to AGNs in low-mass galaxies, and the lack of detection does not systematically point to an absence of AGN. In the following, we excluded AGNs identified by the BPT diagram or X-ray observations. 
THE STAR FORMATION MASS SEQUENCE
The correlation between the star formation rate and the stellar mass of galaxies has been extensively studied over the past decade (e.g. Noeske et al. 2007; Daddi et al. 2007; Elbaz et al. 2007; Rodighiero et al. 2010; Wuyts et al. 2011; Whitaker et al. 2012) . However, the validity of the so-called "main sequence" (MS) of galaxies is still discussed, and so is the dispersion and the redshift-evolution of this correlation. Most of the studies at high-z are based on continuumselected samples that impose a stellar mass limit around 10 10 M ⊙ (Rodighiero et al. 2011; Whitaker et al. 2012; Salmi et al. 2012 ). The galaxy sample we use in the present study is emission-line selected, almost independently from the continuum brightness. This offers the possibility of studying the evolution of the SFR-Mass relation over a continuous redshift range from 0.3 z 2.4 and down to a mass limit of 10 8 M ⊙ . Most of the constraints on the SFR-M ⋆ evolution previously reported at high-z have been derived from continuum selected samples, where the SFR determination is based on the UV emission combined with the IR to account for both unobscured and obscured star formation. This approach exploits the radiation from a population of massive stars to estimate the averaged SFR over the past SF activity of the galaxy. We here use the nebular emission lines, which are the result of the photoionization of the neutral gas by young stars, to calculate the current SFR of galaxies using Kennicutt (1998) 2.0<z<2.5 
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In the case of 185 galaxies at z 1.5 that were selected by their strong [Oiii] emission, the Hα line was outside the wavelength coverage of the grism. Therefore, we use other emission lines to compute their SFR. For 127 of these galaxies the SFR was computed from the Hβ line, assuming an Hα/Hβ ratio of 2.86 (Osterbrock 1989 ) and applying the extinction correction derived later on in this section. For 20 of these galaxies the SFR was calculated using the [Oii]λ3727 line, adopting Kennicutt (1998) calibration. As for the rest of galaxies at z 1.5 we used the [Oiii] line and a median ratio of Hα/[Oiii]λ5007 ∼ 0.9 derived from our sample, with a standard deviation of 0.4. The conversion factor between the emission line luminosity and the SFR derived in Kennicutt (1998) is a median value and the correct value can vary by 0.4 dex depending on the stellar mass. For each of our stellar mass bins we use a conversion factor of 3.6 × 10 −42 , 4.2×10 −42 , and 4.7×10 −42 from the low to the high mass bin, respectively, that were derived in Brinchmann et al. (2004) . To correct for the Kroupa (2001) IMF adopted in Brinchmann et al. (2004) , we multiply these factors by 1.5 to be consistent with a Salpeter (1955) IMF used in this work.
In Figure 2 , we plot our sample of emission-line galaxies in the observed SFR-Mass plane, where the SFR is the observed value. The color-code for five redshift bins is defined in the legend. We also overplot the main MS relations derived at similar redshift bins by Noeske et al. From the figure, it is clear that the emission-line selected galaxies are generally offset from each of the MS lines, i.e. have a higher SFR at a given stellar mass. We note that the derived relations in the literature account for the dust obscuration, whereas the SFR values presented in Fig. 2 are not corrected for dust attenuation. We observe a clear redshift dependency as the normalization of the SFR-mass relation is increasing with z, from the blue to red sequence. Moreover, this evolution is observed over the same mass range of 8 < log(M ⋆ /M ⊙ ) < 11, confirming the previous results of mass-limited samples.
In order to estimate the effects of dust on our results, we now proceed to the correction of the Hα emission for extinction. Because the Balmer ratio Hα/Hβ is not accessible for all the galaxies, we rely on the correlation between the stellar mass and the dust content (e.g. Pannella et al. 2009; Reddy et al. 2010; Bauer et al. 2011; Whitaker et al. 2012 ) to estimate the extinction in our sample. We calculated the mean extinction from the Hα/Hβ ratio for a subsample of 106 galaxies in bins of stellar mass [< 8, 8 − 9, 9 − 10, > 10] and found E(B-V) values of [0.05, 0.1, 0.18, 0.26], which we applied in the correction of all the galaxies in each of these bins. This result is consistent with the values derived by Domínguez et al. (2013) using the Balmer decrement in similar mass bins at 0.75 < z < 1.5 or Momcheva et al. (2013) at z ∼ 0.8. The extinction-corrected SFR-M relation is presented in Fig. 3 with the same color code as before. The main effect of the correction is to increase the specific star formation rate (sSFR = SFR/M ⋆ ) of galaxies, and hence their offset from the MS. It also tends to steepen the slope of the SFR-M relation because the correction is more important for more massive galaxies. The log(SFR)-log(M ⋆ ) equation has a slope of 0.65, shallower than a slope of 1 reported by Wuyts et al. (2011) at z ∼ 0 − 2.5 or (0.77,0.9) by Elbaz et al. (2007) at z ∼ (0,1) respectively. As shown earlier, the emission line selection introduces a lower limit on the SFR which may affect the SFR-M ⋆ slope, since low-mass and low-SFR galaxies may lie below the detection limit. The lower limit on SFR is typically between 0.3 and 10 M ⊙ yr −1 at z ∼ 0.5 to 2.2.
We have plotted the recent results of Whitaker et al. (2012, W12) on the same figure, where each line has been derived at the mean value of each redshift bin. The starforming sample of W12 was color-selected and the SFR was measured from the UV+IR emission. While the starburst galaxies are still offset from the main sequence, the W12 slope, which depends on the redshift following 0.7 − 0.13z, is closer to our estimate, compared to the rest of the literature.
EXTREME EMISSION-LINE GALAXIES
In general, we show that by including the low-mass starburst galaxies, which were not easily accessible in previous observations, the dispersion of the SFR-M⋆ relation becomes more important. Galaxies with high-EW emission lines (EW rest > 200Å) are marked with black circles in Figure 2 . As we have shown in Atek et al. (2011) , this selection favors galaxies with high sSFR. Most of these galaxies are located on the high-SFR end -Star formation histories of starburst galaxies. For each object, we fit stellar population models of Pacifici et al. (2013) to the broadband photometry (with no correction for emission lines). Top panel shows for each galaxy the spectral energy distribution model (black curves) including emission lines and the observed magnitude in each band (red points and blue point for the HST H band). Bottom panel shows the SFR as a function of lookback time (where t = 0 is set at z = z gal ) derived from our SFH models. The peak at the end of each curve is the current starburst constrained from the observed SFR based on emission lines, with the blue bar showing the associated uncertainties (16% to 84% interval in the probability distribution).
of the figure, which would be considered as outliers to the MS relations of the literature. Extreme objects such as Ultra-Luminous IR Galaxies (ULIRG) and Submillimeter Galaxies (SMG) have been similarly identified as outliers in, for example, Daddi et al. (2010) , but are two orders of magnitude more massive than our low-mass starbursts. These EELGs are likely following different SF histories than the MS galaxies, as they experience intense starburst episodes over a short period of time. They can typically double their stellar mass in ∼ 100 Myr or less. This high SF efficiency could be a direct consequence of the high gas fraction contained in these lowmass galaxies. Indeed, Lara-López et al. (2013) showed the existence of a fundamental plane (FP) where the mass-metallicity relation evolves with SFR, and also with the Hi gas content, in the sense that high sSFR galaxies are also gas rich (see also Bothwell et al. 2013) . They conclude that low-mass galaxies have a larger reservoir of Hi that fuels star formation over longer time scales leading to a slower enrichment of the ISM, compared to their massive counterparts. To place our results into this context, we will now investigate the star formation history of these extreme starbursts.
Star Formation Histories of EELGs
The irregular and stochastic SFHs expected in these starburst galaxies are generally not well approximated by a simple exponentially declining SFR (Lee et al. 2009b ). We use the spectral modeling approach of Pacifici et al. (2012) to constrain the spectral energy distributions and SFHs of such EELGs. The library is based on physically motivated star formation and chemical enrichment histories derived by performing a post-treatment of the Millennium cosmological simulation (Springel et al. 2005) using the semi-analytic models of De Lucia & Blaizot (2007) . Similarly to Pacifici et al. (2013) , we build a library of one million model galaxies spanning observed redshfits in the range 0.5 < z < 2.5, evolutionary stages up to z = 3 (see Sections 2.1 and 3.1.2 in Pacifici et al. 2012 ), current (averaged over the last 10 Myr) sSFR between 0.01 and 100 Gyr −1 , and current gas-phase oxygen abundance in the range 7 < 12 + log (O/H) < 9.4. We then generate a library of model galaxy SEDs by combining this library of star formation and chemical enrichment histories with the latest version of the Bruzual & Charlot (2003) stellar population synthesis models, the nebular emission model of Charlot & Longhetti (2001) , based on the photoionization code CLOUDY (Ferland 1996) , and the twocomponent dust modelà la Charlot & Fall (2000) . We adopt a Bayesian approach as in Pacifici et al. (2012) to extract best-estimate SFHs by comparing the SEDs of our model galaxies with the emission-line and broadband fluxes of 10 high-sSFR galaxies selected in the GOODS-S field to explore the stellar mass range of the sample. Specifically, we compare U, B, R, i, z, 3.6µm, 4.5µm, 5.8µm, and 8µm observed fluxes, with the fluxes of the model galaxies that lie within ∆z ∼ 0.05 of the spectroscopic redshift. In Fig. 4 , we show for each galaxy of the subsample the best SED model (including nebular lines) compared to the observed fluxes (i.e. with no correction for emission line contribution), and the bestestimate SFR as a function of lookback time. For each galaxy, the reference t = 0 is fixed at its redshift z gal .
For the sake of consistency, we have compared the stellar masses derived from this sophisticated approach with the values obtained from the FAST fitting code of Sect. 4. The results are in good agreement and a significant deviation (more than 2σ) is seen for only two objects. The difference is due to an underestimate of the emission-line contribution in our SED modeling. The magenta line shows the average SFR-M⋆ evolution of a sample of high-sSFR galaxies. The black points are the average SFR in three mass bins of the total sample of emission-line galaxies over the same redshift range (z > 1.5) as the modeled galaxies. For reference, we show the main sequence derived at z = 1 and 2 by Elbaz et al. (2007) and Daddi et al. (2007) with blue and red lines respectively. The inset shows the average SFH of our subsample of high-sSFR galaxies used to derive the SFR-M⋆ evolution with time.
In the inset of Fig. 5 , we show the averaged SFH of this sub-sample of high-sSFR galaxies with redshifts in the range 1.5 < z < 2.3 and stellar masses between 10 8.5 < M ⋆ < 10 9.5 M ⊙ . The SFR is plotted against the lookback time, where t = 0 is set at z gal . We see a gradually rising SFR from the formation epoch while galaxies show an ongoing starburst episode on top of the longer time-scale SFR. Although the SFH of individual galaxies may have large uncertainties, the averaged SFH is more likely to be representative of this class of low-mass galaxies. While the current burst of each galaxy is constrained by the Hα emission, the time resolution in the SF models is not sufficient to isolate the previous bursts which are smoothed over the past SF activity. Therefore, it is possible that the average increase of SF with time is in fact an increase in the amplitude of successive short bursts. However, our semi-analytical treatment of cosmological simulations rarely predicts short-lived strong bursts but rather SF fluctuations arising from gas infall, feedback and merger histories. Only the last burst seen on top of the rising SFH is observationally constrained from the Hα line. The investigation of the model fits show that the typical duration of the burst is between 10 and 100 Myr and the last SFR peak at z ∼ 1.5, for example, is five times higher than the average SFR.
Similarly, using high-resolution cosmological simulations of dwarf galaxies, Shen et al. (2013) show that they have an extended and stochastic star-formation process with strong and short-lived bursts. During the starburst period, the sSFR peaks at 50-100 Gyr −1 , in agreement with the strongest bursts in our EELG sample. Each starburst phase is preceded by an increase in the density of cold gas accreted from the halo, which triggers star formation. The interplay between gas accretion and supernovae-induced outflows is at the origin of the stochastic SF events. Among the mechanisms that can contribute to the onset of such bursts, galaxy interactions and mergers are known to play an important role in gas infalls (Di Matteo et al. 2008) . Hung et al. (2013) also show that high-sSFR galaxies include a larger number of interacting and disturbed systems compared to normal SF galaxies, supporting the important role of mergerinduced starbursts.
We now use these SFH constraints to follow the evolution of EELGs along the SFR-M ⋆ sequence. Figure 5 presents the average evolution (magenta curve) of our starburst subsample in this plane until the redshift at which it is observed, compared with the rest of the sample at comparable redshifts (z > 1.5). It shows the average stellar mass buildup with time of starburst galaxies. We can see how galaxies stay close to the MS with a similar slope until a burst event increases the SFR to values well above the level of normal SF population. The modeled SFH is in good agreement with the observed average SFR in three low-mass bins of all emission-line selected galaxies at z > 1.5 represented by the black points. As we pointed out earlier, we are able to constrain only the last burst of SF, which moves the galaxy outside the MS. The succession of short starbursts can make galaxies bounce in and out of the MS rather than a smooth evolution along it, because of their short dynamical time scales and efficient outflows. While massive galaxies are characterized by secular star formation adequately described by the SF main sequence, low-mass galaxies experience large excursions outside the MS due to stochastic and powerful star formation events.
The Role of Starbursts in the Star Formation
History at High Redshift To assess the relative importance of the starburst galaxies, we derived the specific SFR for our full sample of emission-line galaxies, which is presented as a function of stellar mass in Fig. 6 . Given the shallow slope of the SFR-M ⋆ relation, the galaxies nearly follow the constant SFR line (solid lines) on the sSFR-M ⋆ plane. We have marked with grey circles the 3DHST sample of galaxies. As expected, because of the difference in the spectral coverage between WISP and 3DHST, the circles do not cover the lower redshift bin (in blue). The classification of starbursts with respect to the MS star-forming galaxies cannot be easily established from the SFR-M ⋆ relation, since this emission-line selected sample defines, in each redshift bin, a distinct sequence offset from the MS. One widely used criterion to define a starburst is to apply an EW Hα cut around 100Å or a birthrate parameter b =SFR/< SF R > higher than 2-3 (Scalo 1986; Kennicutt 1998 ; Lee et al. 2009a ). Therefore, the Hα -The specific star formation rate as a function of the stellar mass. The color code for the redshift bins is the same as in Fig. 3 . The solid lines represent constant star formation of 1, 5, and 50 M ⊙ yr −1 . The grey circles denote galaxies from the 3DHST sample. The inset shows the distribution of the sSFR for the whole sample where the dashed vertical line marks the threshold adopted to identify starburst galaxies. equivalent width threshold of 200Å, which we adopted earlier to identify outliers to the MS, ensures the selection of extreme starbursts and has the advantage of being purely observational, i.e. independent from any model assumptions. We note that the [Oiii] equivalent width threshold is higher according to the median Hα/[Oiii] ratio derived earlier.
Now, in order to compare our results to those of Rodighiero et al. (2011) who specifically estimated the contribution of starbursts to the total SFR density at z ∼ 2, we choose a similar selection of starburst galaxies based on the specific SFR. The sSFR corresponds to a measure of the current SFR over the total stellar mass assembled during the past star formation of the galaxy. For comparison, applying their criterion of log(sSFR)= −8.2 to our sample results in an EW Hα threshold of about 80 A, accounting for significant uncertainties on both the stellar mass and the [Oiii]/Hα ratio when Hα is not available.
By selecting off-sequence galaxies, Rodighiero et al. (2011) have reported that the starburst population accounts for only 10% of the total SFR density at 1.5 < z < 2.5 in the high-mass regime at M ⋆ > 10 10 M ⊙ . For that study, they combined a FIR-selected sample (SFRlimited) with a BzK-selected (Daddi et al. 2007 ) sample (mass-limited). Our emission-line selection has its own completeness limits, which tend to be complementary to other selection methods.
More massive galaxies will have a brighter continuum, which reduces the contrast (equivalent width) of the line for a given line flux limit. This introduces an upper limit limit in stellar mass of about 10 10 M ⊙ , deduced from the combination of the EW and line flux limits, accounting for dust attenuation at those stellar masses. Lower mass galaxies, although detected by their emission lines, are more likely to be missing in the photometric catalogs used for the SED fitting, putting a lower mass limit of ∼ 10 8.2 M ⊙ , mainly imposed by the depth of the imaging data. From the line flux limit the SFR incompleteness of our selection is about 2 M ⊙ yr −1 at z = 1 and 10 M ⊙ yr −1 at z = 2. Our data show that the contribution of starburst galaxies with EW Hα larger than 300, 200, and 100Å to the total SF in the mass range 10 8.2 < M ⋆ < 10 10 M ⊙ at z = 1 − 2 is around 13%, 18%, and 34%, respectively. Although probing a different mass range, the sample of Rodighiero et al. (2011) shows an increase towards lower masses (down to 10 10 M ⊙ ) in the contribution of off-sequence galaxies to the total SFR density.
In the inset of Fig. 6 , we show the sSFR distribution, where the dashed line denotes log(sSFR)= -8.2. At this SFR value, the galaxy will be able to double its stellar mass within ∼ 150 Myr, which is much shorter than its typical age of 1-3 Gyrs we derived from SFH modeling (cf. Sect. 6). This is the typical value adopted in Rodighiero et al. (2011) to separate starburst and "normal" star-forming galaxies. Comparing the total SF produced by galaxies having log(sSFR/yr −1 ) > −8.2 with the SF of the whole sample in the range of completeness described above, we find that starburst galaxies account for 29% of the total SF.
It is clear that in the stellar mass range below 10 10 M ⊙ , the role of starburst galaxies is more important than what has been established for more massive galaxies. Moreover, the UV luminosity function at z ∼ 2 shows no evidence of turnover at very faint UV magnitudes (e.g., Alavi et al. 2013) , supporting the idea that an important part of the star formation may occur in dwarf galaxies. We also observe that the prevalence of young, and presumably starbursting galaxies, increases with redshift as suggested by the increase in EW Hα and the number density of EELGs (Atek et al. 2011; Shim et al. 2011; Fumagalli et al. 2012 ).
CONCLUSION
Using HST IR grism observations, we analyzed a large sample of extreme starburst galaxies at 0.3 < z < 2.3. The WFC3 slitless spectroscopy enables us to extend the SFR-M ⋆ relation to low-mass galaxies by an order of magnitude compared to previous studies at high redshift. The emission-line selection tend to harvest more outliers to the SF "main sequence" than previous studies, which increases the dispersion and flattens the slope of the SF sequence.
We identify extreme emission-line galaxies that show equivalent width between 200 and 1500Å. This selection favors high-sSFR galaxies that, for a given mass, form stars at a much higher rate than normal star-forming galaxies. Using stellar population models we put constraints on the SF histories of these extreme starbursts. For most of these galaxies, the SFR rises continuously and follows the SFR-M ⋆ relation from their formation epoch (∼ 2 − 3 Gyr ago) until the most recent burst of star formation, which brings them above the main SF sequence. This may be caused by a succession of gas accretion and starburst episodes leading to a stochastic mode of SF in these low-mass galaxies.
To assess the contribution of starburst galaxies to the star formation density we applied selection thresholds in the line equivalent width. We show that dwarf galaxies play an important role during the peak epoch of star formation history. At 1 < z < 2, we find that 13%, 18%, and 34% of the total star formation of the emission-line selected sample in the mass range 10 8.2 < M ⋆ < 10 10 is produced by galaxies having EW Hα larger than 300Å, 200Å, and 100Å, respectively. For comparison, the starburst selection criterion used in Rodighiero et al. (2011) , i.e. log(sSFR) = −8.2, corresponds to mass-doubling time scale of ∼ 150 Myr and a EW cut of about 80Å. Applying this threshold to our sample results in a contribution of 29% to the total SFR density.
More star formation may occur in even lower-mass galaxies having higher EW Hα and that dominate the UV luminosity function at z ∼ 2 (Fumagalli et al. 2012; Alavi et al. 2013 ). High-resolution NIR spectroscopic observations,with new instruments such as VLT/KMOS or Keck/MOSFIRE, will help us put better constrains on the SF properties and metallicities of this population. Deeper imaging will also be needed to constrain their stellar mass to assess the SF budget of lower mass galaxies at the peak of star formation history of the Universe. 
